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(57) ABSTRACT

A vehicle monitoring system for turning off an idling engine
comprises a vehicle speed sensor configured to detect a lack
of motion, or “stationary status” of a vehicle and emit a
parameter correlated to the motion status of the vehicle, a
transmission status detector configured to detect a transmis-
sion status of the vehicle, an alerting device capable of warn-
ing other drivers of a stationary status of the vehicle and a
control device. The control device is coupled to the vehicle
speed sensor, the transmission status detector and the alerting
device, wherein the vehicle speed sensor and the transmission
status detector send a signal to the control device and the
control device operates in a manner dependent on the motion
status of the vehicle and the transmission status of the vehicle.
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1
ABSOLUTE ACCELERATION SENSOR FOR
USE WITHIN MOVING VEHICLES

RELATED APPLICATION

This Patent Application is a continuation of the co-pending
U.S. patent application Ser. No. 12/464,601, filed on May 12,
2009, and entitled “ABSOLUTE ACCELERATION SEN-
SOR FOR USE WITHIN MOVING VEHICLES” which is
hereby incorporated by reference in its entirety, which is a
continuation-in-part of the U.S. patent application Ser. No.
12/434,577, filed May 1, 2009, and entitled “ABSOLUTE
ACCELERATION SENSOR FOR USE WITHIN MOVING
VEHICLES,” which is hereby incorporated by reference in its
entirety, which is a continuation of the co-pending U.S. patent
application Ser. No. 11/585,401, filed Oct. 23, 2006 and
entitled, “ABSOLUTE ACCELERATION SENSOR FOR
USE WITHIN MOVING VEHICLES,” now issued as U.S.
Pat. No. 7,529,609, which is hereby incorporated by refer-
ence in its entirety, and which is a continuation-in-part of U.S.
patent application Ser. No. 11/243,364, filed Oct. 3, 2005 and
entitled, “ABSOLUTE ACCELERATION SENSOR FOR
USE WITHIN MOVING VEHICLES”, now issued as U.S.
Pat. No. 7,239,953 B2, which is hereby incorporated by ref-
erence in its entirety, and which claims priority under 35
U.S.C. 119(e) of the U.S. provisional patent application,
Application No. 60/616,400, filed on Oct. 5, 2004, and
entitled “REAR-END COLLISION AVOIDANCE SYS-
TEM,” which is also hereby incorporated by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates generally to methods and
devices for detecting absolute levels of longitudinal, lateral
and vertical acceleration within moving vehicles, and to a
variety of systems and methods for generating responses to
changes in these absolute levels.

BACKGROUND OF THE INVENTION

Accelerometers find a wide variety of applications within
modern motor vehicles. The most common of these are
impact and collision sensors used to deploy front and side
impact air bags in modern passenger cars and trucks.

In applications that depend on sudden and drastic decel-
eration, the presence of gravity is of little consequence and
will not affect the implementation of the accelerometer. How-
ever, increasingly feedback systems within motor vehicles
have attempted to make use of accelerometer data during
much lower and subtler levels of acceleration.

One example is anti-collision warning systems. Though all
street legal motor vehicles have brake lamps configured to
signal other drivers of braking, these signals do not warn
following drivers of imminent braking. At least one system
has proposed activating a vehicle’s brake lamp system in
response to a deceleration signal from a sensitive accelerom-
eter, and independent of actuation of the brake pedal. The
system described in U.S. Pat. No. 6,411,204 to Bloomfield et
al., entitled “DECELERATION BASED ANTI-COLLISION
SAFETY LIGHT CONTROL FOR VEHICLE,” includes a
plurality of deceleration thresholds each with an associated
modulation of the brake lamps.

However, the system fails to precisely account for gravita-
tional forces, limiting its effectiveness to deceleration
regimes where gravity’s effect is minimal and reducing its
effectiveness as an early warning system. Accelerometers,
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2

known as tilt sensors in the gaming and robotics industries,
are extremely sensitive to any gravitational force to which
they are not perpendicular. This sensitivity complicates any
system that attempts to detect low levels of acceleration by
using accelerometers within moving vehicles, since the sys-
tem must account for the wide variety of orientations of the
accelerometer relative to the earth’s gravity introduced as the
vehicle travels uphill, downhill, through cambered or off-
camber curves, and on cambered grades. For instance, an
accelerometer in a vehicle stopped on a 45-degree downbhill
slope would sense deceleration of a magnitude equal to 0.71
times the acceleration due to gravity. To avoid gravitational
acceleration artifacts, the system of Bloomfield only pro-
duces output if the deceleration signal rises above a predeter-
mined threshold set above the level of artifacts introduced
during typical driving conditions.

However, the reliance of this device on a threshold decel-
eration reduces its effectiveness as an early warning system.
Even a short delay between the time when the subject vehicle
begins to slow down and the time when a following vehicle
begins to slow can result in a rapid closure of the gap, or
following distance, between the vehicles, and a potential col-
lision. Consequently, the shorter the following distance
between vehicles, the smaller the margin of error will be for
drivers of following vehicles to avoid rear-end collisions.
Disengaging the accelerator, or coasting, is often the first
response of the driver of a subject vehicle to observing a
non-urgent traffic event in the roadway ahead, and usually
results in a slight deceleration. By failing to warn other driv-
ers of the possible imminence of braking of a subject vehicle,
the proposed device loses valuable time. To avoid this prob-
lem, the threshold must be set lower, which could result in
gravitational acceleration artifacts affecting the system’s out-
put. For example, an overly low threshold could prevent the
device from signaling deceleration on an uphill grade since
the accelerometer would sense a component of the earth’s
gravity as acceleration. Similarly, alow threshold could cause
the device to continuously flash during a descent, while grav-
ity appears as deceleration.

The loss of time incurred by a threshold-based system
might be tolerable in some other application; but in collision
prevention, even an instant saved can prevent a collision. A
Special Investigative Report issued in January of 2001 by the
National Transportation Safety Board (NTSB) illustrates the
scale of the problem. The report notes that in 1999 “1.848
Million rear-end collisions on US roads kill[ed] thousands
and injur[ed] approximately [one] Million people.” The
report concluded that even a slightly earlier warning could
prevent many rear-end collisions.

Regardless of the individual circumstances, the drivers in
these accidents were unable to detect slowed or stopped
traffic and to stop their vehicles in time to prevent a
rear-end collision. If passenger car drivers have a 0.5-
second additional warning time, about 60 percent of
rear-end collisions can be prevented. An extra second of
warning time can prevent about 90 percent of rear-end
collisions. [NTSB Special Investigative Report SIR—
01/01, Vehicle-and Infrastructure-based Technology for
the Prevention of Rear-end Collisions]

In some instances, a motor vehicle will remain running
while parked or not in use, in an “idling” state. Common
reasons for idling include waiting for a passenger, warming
up the vehicle, listening to the radio and convenience. Motor
vehicles that remain in an idling state pollute our environment
unnecessarily. For example, thirty seconds of idling can use
more fuel than turning off the engine and restarting it. Addi-
tionally, idling for ten minutes uses as much fuel as traveling
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five miles. Moreover, one hour of idling burns up to one
gallon of fuel and can produce up to 20 lbs of carbon dioxide,
which contributes to global warming. Passenger cars, fleet
vehicles, diesel trucks, busses and taxi-cabs are all culprits in
adding to pollution through unnecessary engine idle.

At present, over 30 states and 900 municipalities have
adopted laws restricting the amount of time a stationary
vehicle is allowed to idle before being turned off. These laws
typically limit the allowable idling time from 1 to 6 minutes
before the engine must be turned off and violations can range
up to $1,000 per incident. Corporate and government fleet
vehicles are most susceptible to such monetary penalties
because the aggregate impact of many violations may reside
within only one entity.

SUMMARY OF THE INVENTION

In this application “acceleration” refers to either or both
positive acceleration and negative acceleration (sometimes
called “deceleration™), while “deceleration” refers to only
negative acceleration.

The present invention provides systems and methods for
warning drivers of other vehicles of any possibility that a
subject vehicle will brake and/or that the following vehicle
may need to decelerate. This warning occurs earlier than
warnings provided by traditional rear brake warning systems.
Some embodiments of the present invention take advantage
of the existing conditioning of modern drivers to respond
quickly to rear brake warning lamps by using these systems to
convey new deceleration warnings.

Some embodiments of the present invention relate to
devices that overcome the limitations of the prior art by inte-
grating the signals from pulse or sine wave generators, which
are directly related to vehicle distance traveled. These devices
are commonly referred to as vehicle speed sensors (VSS).
Most modern vehicles are shipped with an electronic VSS as
standard equipment. The stock VSS communicates with the
vehicle’s electronic control module (ECM) and speedometer
to display the speed of the vehicle to an operator. However,
VSS can be installed as aftermarket add-ons.

The embodiments of the present invention involve using
signals from a vehicle’s VSS to detect deceleration of the
vehicle, and modulating warning lights of the vehicle in
response to the vehicle’s deceleration In some embodiments,
the VSS emits a periodic function whose frequency corre-
sponds to the vehicle’s speed. For example, some embodi-
ments of the present invention use a VSS that outputs a DC
pulse with a frequency that corresponds to the speed of the
vehicle. In addition, some embodiments of the present inven-
tion use a VSS that outputs an AC sine function with a fre-
quency that corresponds to the speed of the vehicle.

In one aspect, the present invention relates to a vehicle
communication system. The vehicle communication com-
prises the following: a vehicle speed sensor configured to
emit a periodic function with a frequency correlated to the
speed of the vehicle; an acceleration monitoring system, con-
figured to compute the vehicle’s acceleration of the vehicle
from the periodic function of the vehicle speed sensor and to
output a deceleration status of the vehicle; a braking system
engagement detector to detect a braking status of the vehicle;
an alerting device capable of signaling other drivers of a
deceleration condition of the vehicle; and a control device
coupled to the acceleration monitoring system, the braking
system engagement detector, and the alerting device, wherein
the acceleration monitoring system sends signals to the con-
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4

trol device and the control device operates the alerting device
in a manner dependent on the deceleration status of the
vehicle.

Some embodiments of the present invention relate to a
method of alerting drivers in proximity to a vehicle of decel-
eration and braking of the vehicle. The method includes steps
of sensing a speed of the vehicle; producing a periodic func-
tion with a frequency correlated to the speed of the vehicle;
determining a rate of acceleration of the vehicle based on
variations in the periodic function; detecting a braking status
of'the vehicle; detecting a throttle status of the vehicle; and if
the vehicle is decelerating, emitting a signal to indicate that
the vehicle is decelerating, wherein the signal varies depend-
ing on the rate of deceleration, the braking status, and the
throttle status of the vehicle.

In some embodiments, the periodic function emitted by a
VSS has a pulse width associated with its frequency. Some
embodiments of the present invention measure changes in
pulse width to determine deceleration. Some embodiments
measure changes in frequency to determine deceleration.
Some embodiments incorporate both pulse width and fre-
quency in determining deceleration.

Inthe embodiments that measure changes in pulse width to
determine deceleration, the distance or width between a first
pulse and a second pulse is compared to the distance or width
between the second pulse and a third pulse. If the width is
longer in duration than the previous width then the vehicle is
decelerating. If the width is shorter then the previous width
then the vehicle is acceleration. If the pulses are equal in
width then the speed of the vehicle is constant.

The present invention also provides systems that adjust
suspension of a vehicle while turning in response to data from
an accelerometer. In some embodiments, a gyroscope is used
to detect whether the vehicle is turning or not.

Another aspect relates to a vehicle monitoring system. In
this aspect, a vehicle speed sensor (VSS) as described above
is used to detect a lack of motion, or “stationary status” of a
vehicle. The vehicle monitoring system comprises a VSS
configured to emit a periodic function with a frequency cor-
related to a motion status of the vehicle; a transmission status
detector to detect a transmission status of the vehicle; an
alerting device capable of warning other drivers of a station-
ary status of the vehicle and a control device coupled to the
VSS, the transmission status detector and the alerting device,
wherein the VSS and the transmission status detector send a
signal to the control device and the control device operates in
a manner dependent on the motion status of the vehicle and
the transmission status of the vehicle.

In some embodiments, an emergency brake engagement
detector is used to detect an engagement of the emergency
brake. In this embodiment, the emergency brake engagement
detector is coupled to the control device and the control
device further operates in a manner dependent on the status of
the emergency brake. In some embodiments, an external tem-
perature sensor is used to detect the temperature of the exter-
nal operating environment. In this embodiment, the external
temperature sensor is coupled to the control device and con-
trol device further operates in a manner dependent on the
temperature of the external operating environment. In some
embodiments, the external temperature is programmable
such that a signal is sent to the control device only if the
external temperature is above a programmed value.

The vehicle monitoring system further comprises an idling
timer which is activated after receiving a frequency correlated
to a stationary status of the vehicle. In some embodiments, the
idling timer is a distinct microprocessor that is coupled to the
VSS and the control device. In some embodiments, the idling
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timer is a microprocessor comprised within the control
device. The idling timer is configured to send a de-activation
signal once the timer has reached the end of its pre-pro-
grammed period. In some embodiments, the idling timer is
pre-programmed to send a de-activation signal after 1, 3, 6 or
9 minutes. In some embodiments, the idling timer is pre-
programmed to send a de-activation signal after some other
period of time.

Another embodiment relates to a method of automatically
turning off an idling engine of a vehicle. The method com-
prises the steps of sensing a stationary status of the vehicle,
activating an alert device to alert other drivers that the vehicle
is stationary, activating an idling timer and detecting a trans-
mission park-status of the vehicle, wherein if the vehicle is
stationary, the alert device to alert other drivers that the
vehicle is stationary and the idling timer are activated,
wherein the idling timer is configured to send a de-activation
signal once the timer has reached the end of its pre-pro-
grammed period and the transmission park-status of the
vehicle is confirmed.

In some embodiments, the method further comprises an
emergency brake engagement detector to detect the engage-
ment of the emergency brake, wherein the deactivation signal
is not sent until the engagement of the emergency brake is
confirmed. In some embodiments, the method further com-
prises an external temperature sensor to detect the tempera-
ture of the external operating environment, wherein the deac-
tivation signal is not sent unless the external temperature is
above a programmed value.

After the transmission park-status of the vehicle is con-
firmed, any number of redundant queries may be repeated
after which a signal is sent to turn off the engine. In some
embodiments, the transmission park-status of the vehicle is
confirmed before the end of the idling timer’s pre-pro-
grammed period. In some embodiments, a logic high or a
logic low signal is sent directly to the control device which
turns off the engine. In another embodiment, a 12V signal is
sent to a relay, which resides in series with the ignition sys-
tem. Receiving the 12V signal actuates the relay and disen-
gages the ignition. In further embodiments, additional signals
are sent to relays to turn off a lighting system or other acces-
sory equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates a single axis accelerometer positioned
for measuring lateral acceleration, and included in an accel-
erometer-gyroscopic sensor in accordance with an embodi-
ment of the present invention.

FIG. 1B illustrates a dual axis accelerometer positioned for
measuring vertical and longitudinal acceleration, and
included in an accelerometer-gyroscopic sensor in accor-
dance with an embodiment of the present invention.

FIG. 2A illustrates a gyroscope positioned for measuring a
heading, and included in an accelerometer-gyroscopic sensor
in accordance with an embodiment of the present invention.

FIG. 2B illustrates a gyroscope positioned for measuring a
lateral inclination, and included in an accelerometer-gyro-
scopic sensor in accordance with an embodiment of the
present invention.

FIG. 2C illustrates a longitudinal inclination, and included
in an accelerometer-gyroscopic sensor in accordance with an
embodiment of the present invention.

FIG. 3A is a schematic view illustrating the components of
the rear-end collision avoidance system, warning drivers of a
subject vehicle’s deceleration, in accordance with an embodi-
ment of the present invention.
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FIG. 3B illustrates a state machine diagram of the control
device in accordance with some embodiments of the present
invention.

FIG. 3C illustrates a state machine diagram of the control
device in accordance with an alternative embodiment of the
present invention.

FIG. 4 illustrates a schematic view of an anti-rollover sys-
tem in accordance with an embodiment of the present inven-
tion.

FIG. 5 illustrates a schematic view of an engine perfor-
mance monitoring system in accordance with an embodiment
of the present invention.

FIG. 6 illustrates a schematic view of a suspension and road
condition monitoring system in accordance with an embodi-
ment of the present invention.

FIG. 7 illustrates a navigation system in accordance with
an embodiment of the present invention.

FIG. 8 illustrates a schematic view of an anti-rollover sys-
tem in accordance with an embodiment of the present inven-
tion.

FIG. 9 is a schematic view illustrating the components of
the rear-end collision avoidance system, warning drivers of a
subject vehicle’s deceleration, in accordance with some
embodiments of the present invention.

FIG. 10 is a schematic view illustrating the components of
a vehicle monitoring system, warning drivers of a subject
vehicle’s stationary status and turning off an idling engine, in
accordance with some embodiments of the present invention.

FIG. 11 illustrates a flow chart of a system to automatically
turn off an idling engine in accordance with some embodi-
ments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As shown in FIGS. 1B and 2C, one embodiment of the
present invention includes a dual axis accelerometer and an
electronic gyroscope positioned upon a moving body (not
shown) having a pitch axis and a yaw axis that form a pitch-
yaw plane as illustrated, which attempts to move along a
movement vector orthogonal to the pitch-yaw plane. A first
axis, termed the longitudinal axis, of the dual axis accelerom-
eter is placed orthogonal to the plane of the pitch and yaw axes
to sense acceleration along the movement vector. A second
axis, termed the vertical axis, of the accelerometer is placed
parallel with the yaw axis (and thus perpendicular to the
movement vector) to sense acceleration along the yaw axis.
Thus the two axes of the accelerometer form a longitudinal-
vertical plane orthogonal to the pitch-yaw plane.

The gyroscope in FIG. 2C is mounted parallel to the lon-
gitudinal-vertical plane of the accelerometer and thus is also
along a plane perpendicular to the pitch-yaw plane of the
moving body. This configuration allows it to sense an incli-
nation of the movement vector of the moving body relative to
the gravitational acceleration acting on the body.

In some embodiments of the present invention, an acceler-
ometer is used to detect additional types of movement. The
orientation shown in FIG. 1A allows for detection of lateral
acceleration. In FIG. 1A, a single axis accelerometer config-
ured with a first axis, termed the lateral axis, parallel to the
pitch axis senses lateral acceleration of the body, e.g. accel-
eration in a plane orthogonal to the longitudinal-vertical
plane.

When the body does undergo a lateral acceleration, its
actual movement is no longer along the desired movement
vector. Thus, during lateral acceleration, another gyroscope
can be included to sense the inclination of the component of
the actual movement vector that lies along the lateral axis.
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FIG. 2B depicts a gyroscope configured parallel to the pitch-
yaw plane and thus configured to detect an inclination of the
component of movement that lies along the lateral axis,
termed the lateral inclination of the body.

In some embodiments, the system also includes another
gyroscope that is configured parallel to the lateral-longitudi-
nal plane (in which all desirable movement vectors will lie),
to detect a heading of the body. This additional gyroscope is
required for those embodiments that supply supplemental
data to navigation systems.

The embodiments of the present invention include logic
circuits configured to receive signals of acceleration along the
lateral, longitudinal, and vertical axes, as well as of the lateral
and longitudinal inclinations and the heading, if necessary
and to process these signals to produce a variety of output
signals indicating characteristics of the moving body’s move-
ment. In some embodiments, these include: absolute longitu-
dinal acceleration (both positive and negative), absolute ver-
tical acceleration (both positive and negative), absolute
lateral acceleration (both positive and negative), heading, and
actual speed.

Though accelerometers are inherently stable, and espe-
cially so when internally temperature compensated, gyro-
scopes, both mechanical and electronic, can suffer from insta-
bility and drift. Because of these drift characteristics,
gyroscopes typically require periodic auto-zeroing or re-ref-
erencing to provide reliable output.

In some embodiments of the present invention, a method of
detecting an absolute deceleration includes steps of re-refer-
encing. This task is able to be accomplished using signals
from the accelerometers, but in other embodiments use a Hall
effect, electronic or other type of compass.

Re-referencing is able to take place periodically; for sys-
tems using Hall effect or some other independent compass,
the systems simply re-reference at specified heading or tim-
ing intervals. However, in some embodiments, systems that
use accelerometer data for re-referencing are more careful.
When stationary, any signal from the accelerometer is essen-
tially representative of the earth’s gravity, this signal can
provide an initial reference for any gyroscopes included in the
present invention, which is able to take place prior to move-
ment of the body.

Once the body has begun moving, without periodic re-
referencing, the gyroscope output can become unreliable.
The present invention teaches several methods of re-referenc-
ing during travel. Some of these are only applicable to travel
that includes periodic stops. For example, the vertical or
lateral axis accelerometers can be used to detect whether the
body is stopped. When it is stopped, the signal from the
longitudinal axis of the accelerometer can be used to re-
reference the gyroscope. Further, at any point during travel
when no acceleration has been detected for a predetermined
period of time the gyroscope can be re-referenced. In this way
repeated referencing can occur even during extended travel
without any stops.

In some embodiments, the present invention is imple-
mented in a vehicle, and the following embodiments of the
present invention are described relative to a vehicle. However,
the methods and systems taught by the present invention can
be implemented in a wide variety of moving bodies other than
vehicles.

Example 1
Rear End Collision Avoidance

FIG. 3A is a schematic view illustrating the components of
the rear-end collision avoidance system 300, warning drivers
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of a subject vehicle’s deceleration, in accordance with one
embodiment of the present invention. The rear-end collision
avoidance system 300 comprises an accelerometer-gyro-
scopic sensor 310, a braking system engagement detector
320, a throttle engagement detector 330, and a control device
340. The accelerometer-gyroscopic sensor 310 is coupled to
the control device 340, detects an absolute longitudinal decel-
eration of the vehicle, and sends a signal to the control device
340. The braking system engagement detector 320 is also
coupled to the control device 340, detects any engagement of
the braking system of the vehicle, and sends a signal to the
control device 340. The throttle engagement detector 330 is
also coupled to the control device 340 and detects engage-
ment of the throttle. In alternative embodiments, the present
invention also includes additional input devices, such as a
clutch engagement detector configured to relay a clutch status
to the control device 340. Next, the control device 340 pro-
cesses the input signals it receives from the accelerometer-
gyroscopic sensor 310, the braking system engagement
detector 320, and the throttle engagement detector 330 and
decides whether to activate an alerting device of the vehicle.
In some embodiments the control device 340 only activates an
alerting device if the vehicle is throttled down but not braking.
In some embodiments, the control device 340 activates the
alerting device only if the absolute longitudinal deceleration
is non-zero. In one embodiment, the communication system
further comprises an alerting device activation circuit 350,
wherein the control device 340 is coupled to and sends signals
to the alerting device activation circuit 350, which activates
an alerting device based on a signal from the control device
340.

In some other embodiments, input from a vehicle speed
sensor (VSS) is used to perform a similar function. FIG. 9 is
a schematic view illustrating the components of the rear-end
collision avoidance system 900, warning drivers of a subject
vehicle’s deceleration, in accordance with one embodiment
of the present invention. The rear-end collision avoidance
system 900 comprises a vehicle speed sensor 910, an accel-
eration monitoring system 915, a braking system engagement
detector 920, and a control device 940. It can also include a
throttle engagement detector 930.

The vehicle speed sensor 910 is coupled to the acceleration
monitoring system 915, which is coupled to the control
device 940. The vehicle speed sensor 910 detects a speed of
the vehicle and emits a periodic function with a frequency that
is correlated to the speed of the vehicle. The acceleration
monitoring system 915 uses variations in the periodic func-
tion to calculate the acceleration (or deceleration) of the
vehicle. The acceleration monitoring system 915 sends a
signal to the control device 940 that represents deceleration of
the vehicle. The braking system engagement detector 920 is
also coupled to the control device 940, detects any engage-
ment of the braking system of the vehicle, and sends a signal
to the control device 940. If present, the throttle engagement
detector 930 is also coupled to the control device 940 and
detects engagement of the throttle. In alternative embodi-
ments, the present invention also includes additional input
devices, such as a clutch engagement detector configured to
relay a clutch status to the control device 940. Next, the
control device 940 processes the input signals it receives from
the acceleration monitoring system 915, the braking system
engagement detector 920, and the throttle engagement detec-
tor 930 and decides whether to activate an alerting device of
the vehicle. In some embodiments the control device 940 only
activates an alerting device if the vehicle is throttled down but
not braking. In some embodiments, the control device 940
activates the alerting device only if the absolute longitudinal
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deceleration is non-zero. In one embodiment, the communi-
cation system further comprises an alerting device activation
circuit 950, wherein the control device 940 is coupled to and
sends signals to the alerting device activation circuit 950,
which activates an alerting device based on a signal from the
control device 940.

Some embodiments use a microprocessor or micro-con-
troller as the acceleration monitoring system 915 to measure
pulse width differentials between consecutive pulses. If the
periodic function produced by the VSS is a DC pulse, only
one wire is needed to interface with the VSS 910. If the
periodic function is an AC sine wave two wires are used.

The functions of an embodiment illustrated with reference
to FIG. 9 are performed in a module that contains various
discrete electronic components involved in signal condition-
ing as well as a microprocessor or microcontroller, which
would actually do the computations. These include one or
more of the following: a microprocessor, interpreter, voltage
regulator, RAM, EEPROM, resonator and communication
port and circuitry along with various filtering and voltage
protection circuitry. In some embodiments, the module is
capable of accurately measuring and comparing pulse widths
of 1 millionth of a second or less and frequencies of zero (0)
to mega hertz all within time frames of micro to milliseconds.
The present invention can be implemented in an analog, elec-
tromechanical, or a digital circuit including programmable
elements.

In addition, in some embodiments the various embodi-
ments described above are implemented in a module that
includes a separate aftermarket VSS. These embodiments are
advantageous when used to retrofit older vehicles that do not
come with a VSS as original equipment.

In addition, some embodiments use an aftermarket VSS,
even on newer vehicles. For example, one such VSS com-
prises a sensor configured to detect rotation of the universal
joint of a motor vehicle.

In this embodiment, a sensor is mounted on either the
rear-end housing or on the back end of the transmission and
where the sensor is positioned over the universal joint. The
sensor would not be in contact with the spinning universal
joint but in close proximity, e.g. %4 or %4 inch air gap.

In some embodiments, the sensor is configured to sense
ferrous metal. Thus, there is no need to affix anything to the
actual spinning universal joint. Universal joint typically have
four protrusions. The sensor is optionally configured to sense
either two or four of the protrusions. The resultant signal
represents variations in the magnetic flux field produced by
the sensor each time a protrusion passes through the magnetic
field

One type of sensor used in some embodiments of the
present invention comprises a coil with or without a core.
When a voltage is applied to the coil, a magnetic flux field is
produced around the coil. If a ferrous metal object passes
through that field it robs just a little of the power (which is
stored in the field) resulting in a change in the current and
voltage within the coil and conductor feeding the coil. This
signal is then used to produce a square wave.

The embodiments of the present invention include input
devices. Those mentioned above include braking system
engagement detectors, throttle engagement detectors, the
accelerometer-gyroscopic  sensor, and VSS/acceleration
monitoring systems. In alternative embodiments, the present
invention also includes additional input devices, such as a
clutch engagement detector configured to relay a clutch status
to the control device.

The embodiments of the presently claimed invention
include alerting devices. In some embodiments, an alerting
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device comprises lamps on the vehicle that are capable of
flashing and emitting visible light. In one aspect, the lamps of
the alerting device flash only at a constant rate, while in
another aspect the lamps flash at a variable rate, and further
wherein the control device is configured to flash the lamps at
a rate correlated to a rate of deceleration. In some embodi-
ments, the lamps are one of the following: conventional sig-
naling lamps and conventional brake lamps. However, in
another embodiment, the alerting device is a radio frequency
(RF) transmitter capable of directing RF signals from the rear
of the vehicle to a following vehicle. In other embodiments,
the alerting device uses other types of signals.

For example, in some other embodiments, the signaling
lamps used comprise bi-color light emitting diodes (LED). In
these embodiments, the bi-color LEDs change color depend-
ing on the polarity of the current used to energize them. Thus,
the control device in these embodiments is configured to
provide current to the bi-color LEDs with a polarity that
varies depending on the signal to be sent. For example, in one
embodiment the control device leaves the bi-color LEDs un-
energized when no deceleration is occurring and the brakes
are not engaged, provides a current with a polarity to cause the
bi-color LEDs to emit a yellow light upon deceleration, and to
provide a current with a polarity to cause the bi-color LEDs to
emit a red light upon braking.

When used in this patent, the terms “conventional signaling
lamps” and “conventional brake lamps” refer to signaling or
brake lamps included on motor vehicles during their original
manufacture. The present invention also contemplates signal-
ing by using after-market devices that are attached to a vehicle
in addition to conventional signaling and brake lamps.

A communication system can be embodied as an after-
market add-on product or as an original vehicle system. These
embodiments include different types of controllers. In some
embodiments of an add-on system, a control device does not
interfere with the existing brake lamp system controller. The
control device communicates with the brake lamps in a sub-
stantially separate manner from the existing brake lamp con-
trol system. Control devices used in the present invention
could include relays, switches or micro controllers. In one
aspect, an aftermarket system can continuously power the
alerting device activation circuit without need of an interme-
diate control device.

However, in an original equipment system, a communica-
tion system in accordance with the present invention is able to
include a control device that further comprises a control sys-
tem for the conventional brake lamp system, whereby the
communication system is an integrated control and circuitry
system for all brake lamps. In this aspect, a single control
system accomplishes the tasks of conventional brake signal-
ing and the signaling described in the present invention.

During operation, the communications system of the
present invention uses information from the various input
devices to determine a manner in which to operate an alerting
device. In one aspect, the communications system continu-
ously modulates the alerting device based on the accelerom-
eter-gyroscopic sensor’s input so long as the throttle is dis-
engaged, regardless of braking system status. In another
aspect, once the braking system is engaged, the communica-
tions system activates the alerting device continuously until
disengagement of the braking system, whereupon the com-
munications system once again considers throttle and the
accelerometer-gyroscopic sensor’s input in choosing a man-
ner in which to operate the alerting device. In a third aspect,
where a conventional braking system exists separately from a
communications system as described in the present invention,
the control device deactivates in response to braking system



US 9,217,380 B2

11

engagement and reactivates upon braking system disengage-
ment. In some embodiments, the control device receives input
in cycles and makes a determination for operation of the
alerting device within each cycle.

In one embodiment, the control device 940 takes input
from the acceleration monitoring system 915, the braking
system engagement detector 920, and the throttle engage-
ment detector 930 in cycles that are substantially continuous
in time. In some embodiments, for each cycle, the control
device 940 enters one of four states: I) it does not activate an
alerting device for the entirety of the cycle, II) it activates an
alerting device for the entirety of the cycle, III) it activates an
alerting device at least once for a period of time that is short
relative to the duration of the cycle; or IV) it activates an
alerting device multiple times during the cycle.

FIG. 3B illustrates an embodiment in which these four
output states are handled. A state machine 301, included in a
control device in accordance with the present invention, takes
five possible input states, for four of them throttle status is not
considered: 1) brake pedal is not depressed, deceleration is
not detected; 2) brake pedal is not depressed, deceleration is
detected; 3) brake pedal is depressed, deceleration is
detected; or 4) brake pedal is depressed, deceleration is not
detected. State 5) only occurs if the throttle is disengaged, and
if the brake pedal is not depressed. Input state 1 corresponds
to output state I, input state 2 corresponds to output state III,
input states 3 and 5 correspond to output state I, and input
state 4 corresponds to output state IV.

Transitions between all input states are handled and every
transition is a plausible outcome of a braking or acceleration
event. For example, a driver disengaging the throttle pedal
causes a transition from state 1 to state 5. In the first cycle
detecting state 5, the brake lamps are illuminated. Once a
required level of deceleration is detected, a transition from
state 5 to state 2 occurs. In the first cycle detecting state 2, the
brake lamps are flashed, or another alerting device is acti-
vated, corresponding to output state III. A transition from
state 1 directly to state 2 can occur when beginning ascent of
a steep grade: the throttle is engaged, the brake pedal is
disengaged but the vehicle begins to decelerate.

If the driver engages the throttle again, or in the case of an
ascent, increases the throttle, a transition from state 5 to state
1, or state 2 to state 1, occurs. If the driver subsequently
depresses the brake pedal, a transition from state 2, or state 5,
to state 3 occurs. While the brake pedal is depressed, state 11
output keeps the brake lamps illuminated. Furthermore, while
the brake pedal is depressed, a transition from state 3 to state
4 may occur. In this embodiment, in state 4 the lamps are
flashed at an increased rate. Whenever the brake pedal is
depressed, state II or IV output occurs and accelerometer-
gyroscopic sensor data is effectively ignored. When the brake
pedal is released, one of input state 1, input state 2, and input
state 5 are entered.

A transition from input state 3 to 2 corresponds to tapping
or pumping the brake pedal. Depending on the length of time
a cycle comprises, a residual brake lamp flash may occur.
Transitions from input states 3 or 4 to state 1 correspond
respectively to accelerating from a rolling stop on a hill, or
rolling forward downbhill. A transition from input state 4 to 2
could arise when rolling down a hill backwards, for example
at a stoplight on a hill. This points to another feature of the
current system—yproviding a warning for rollback.

In the alternative embodiment illustrated in FIG. 3C, a state
machine 301" included in a control device in accordance with
the present invention, the system only considers the first three
states. The state machine 301" takes four possible input states:
1) brake pedal is not depressed, deceleration is not detected;
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2) brake pedal is not depressed, deceleration is detected; 3)
brake pedal is depressed, deceleration is detected; or 4) brake
pedal is depressed, deceleration is not detected. Input state 1
corresponds to output state I, input state 2 corresponds to
output state II1, and input states 3 and 4 correspond to output
state II.

Transitions between all input states are handled and every
transition is a plausible outcome of a braking or acceleration
event. For example, a driver taking his or her foot off the
accelerator pedal causes a transition from state 1 to state 2. In
the first cycle detecting state 2, the brake lamps are flashed, or
other alerting means are activated, corresponding to output
state I1I. This transition from state 1 to state 2 also occurs
when beginning ascent of a steep grade: the accelerator is
depressed, the brake pedal is disengaged but the vehicle
begins to decelerate. If the driver presses the accelerator
again, or in the case of an ascent, further depresses the accel-
erator, a transition from state 2 to state 1 occurs. If the driver
subsequently depresses the brake pedal, a transition from
state 2 to state 3 occurs. While the brake pedal is depressed,
state II output keeps the brake lamps illuminated. Further-
more, while the brake pedal is depressed, a transition from
state 3 to state 4 may occur. In this embodiment, such a
transition results in no change in output. Whenever the brake
pedal is depressed, state II output occurs and accelerometer-
gyroscopic sensor data is effectively ignored. When the brake
pedal is released, either input state 1 or input state 2 is entered.

In some embodiments a transition from input state 3 to 2
corresponds to tapping or pumping the brake pedal. Depend-
ing on the length of time a cycle comprises, a residual brake
lamp flash may occur. Transitions from input states 3 or 4 to
state 1 correspond respectively to accelerating from a rolling
stop on a hill, or rolling forward downbhill. A transition from
input state 4 to 2 could arise when rolling down a hill back-
wards, for example at a stoplight on a hill. This points to
another feature of the current system—yproviding a warning
for rollback.

Embodiments of the present invention provide the driver of
a subject vehicle a communication system that provides
warning signals to other vehicles of any deceleration or pos-
sibility of braking of the subject vehicle. One novel and
distinguishing feature of this invention is that the subject
vehicle’s communication system warns other vehicles of any
possibility that the subject vehicle will begin to brake. This is
so because any engagement of the brake pedal is usually
immediately preceded by a disengagement of the throttle.

Thus, this invention provides an earlier warning to the
driver of the following vehicle of a subject vehicle’s intent to
decelerate than is currently available in modern vehicles,
which only provide systems that actuate warning lamps if the
driver depresses the brake pedal or if an accelerometer unit
detects a threshold deceleration. Modern drivers respond
quickly to rear brake warning lamps, conditioning that the
present invention takes advantage of by using these warning
systems to convey new and broader warnings. Since follow-
ing distances on modern roadways are often inadequate, this
arrangement could prevent numerous rear-end collisions.

Example 2
Anti-Rollover Systems
In some embodiments of this invention, outputs from the
sensing of absolute lateral acceleration are used to adjust

suspension systems by stiffening outside suspension and/or
loosening inside suspension of moving vehicles. Further, in
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some other embodiments, simple lateral acceleration is used
to adjust suspension systems during turning.

When lateral acceleration or force is applied to a vehicle, it
tends to lean in the direction opposite to the force being
applied, due in part to the sofiness of their suspension sys-
tems. This moves the center of gravity further off center and
in some cases outside of their wheelbase approaching the
critical rollover point. Stiffening the outside suspension and/
or loosening the inside suspension keeps the center of gravity
of'vehicles within a tighter envelope relative to the wheelbase.
This inversely aftects the propensity, especially in high center
of gravity loaded vehicles, to rollover when the center of
gravity of their load exceeds the wheelbase and reaches the
critical rollover point. Additionally, by adjusting the suspen-
sion system in this manner the distribution of load between
left and right side wheels is kept more even resulting in
improved traction.

The above can be accomplished either with an absolute
lateral acceleration signal and a gyroscopic correction, or
with an uncorrected lateral acceleration signal. In the latter
scenario, an accelerometer mounted to sense lateral accelera-
tion also detects a component of gravitational acceleration
during a banked turn. The strength of the gravitational com-
ponent relative to the lateral (centrifugal) acceleration will
depend on the speed of the turn. Correction to the suspension
system is performed accordingly. In addition, this type of
suspension adjustment system could be used only when the
vehicle is turning. A gyroscope mounted in the horizontal
plane to sense heading (e.g. FIG. 2A) could be used to sense
whether the vehicle is turning or not. In

Typically these are configured as pulse width modulated
(PWM) controlling devices. Such devices typically accept
analog voltage level inputs, which are then converted to a
corresponding pulse width output. Such outputs are a com-
mon method of controlling and delivering a regulated amount
of current to a device such as a hydraulic solenoid. The
hydraulic solenoids of course are responsible for increasing,
decreasing or maintaining pressure levels within the hydrau-
lic or pneumatic suspension system.

An anti-rollover device 400 using an absolute acceleration
signal is illustrated in FIG. 4. In this embodiment vehicles are
assumed to be equipped with adjustable suspension systems,
typically hydraulic or pneumatic. When absolute lateral
acceleration is sensed the accelerometer-gyroscopic sensor
410 sends a signal representing absolute lateral acceleration
to a suspension selector 420, which passes signals along to a
controller responsible for controlling the relevant quadrant of
the suspension. The suspension selector 420 must interpret
the signal to determine the appropriate quadrant. For
example, Q1, in which suspension system 432 is controlled
by suspension control 431 could be the right front wheel; Q2,
in which suspension system 442 is controlled by suspension
control 441 could be the left front wheel; Q3, in which sus-
pension system 452 is controlled by suspension control 451
could be the right rear wheel; and Q4, in which suspension
system 462 is controlled by suspension control 461 could be
the left rear wheel. Of course, other orderings are possible, as
are systems with only two independent zones, e.g. two sides
are controlled in lockstep.

An anti-rollover device 800 using a lateral accelerometer is
illustrated in FIG. 8. In this embodiment vehicles are assumed
to be equipped with adjustable suspension systems, typically
hydraulic or pneumatic. When lateral acceleration is sensed
the accelerometer 810 sends a signal representing lateral
acceleration to a suspension selector 820, which passes sig-
nals along to a controller responsible for controlling the rel-
evant quadrant of the suspension. The suspension selector
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820 must interpret the signal to determine the appropriate
quadrant. For example, Q1, in which suspension system 832
is controlled by suspension control 831 could be the right
front wheel; Q2, in which suspension system 842 is con-
trolled by suspension control 841 could be the left front
wheel; Q3, in which suspension system 852 is controlled by
suspension control 851 could be the right rear wheel; and Q4,
in which suspension system 862 is controlled by suspension
control 861 could be the left rear wheel. Of course, other
orderings are possible, as are systems with only two indepen-
dent zones, e.g. two sides are controlled in lockstep.

Example 3
Performance Monitoring Systems

Due to fuel efficiency goals and competitive pressures late
model vehicles have the ability to monitor engine system
performance through an array of sensors and detectors. The
absolute accelerometer/gyroscope combination provides the
ability to communicate actual power-to-the-ground data for
use in engine/vehicle performance computations. In this
embodiment, the accelerometer-gyroscopic sensor continu-
ously sums absolute acceleration values to provide both abso-
lute acceleration and actual speed values, which can be used
by a manufacturers vehicle computer unit (VCU).

For example, the system 500 shown in FIG. 5 includes the
accelerometer-gyroscopic sensor 510, which delivers actual
speed data and absolute acceleration data to a vehicle com-
puter unit (VCU) 520 (or at least the engine monitoring por-
tion thereof). The VCU 520 uses baseline engine performance
data 540 to either self-correct through a feedback mechanism,
or to issue a warning through the performance warning sys-
tem.

The manufacturer’s baseline engine performance data is
helpful in determining how much acceleration should be
achieved for a given amount of throttle and what the speed of
the vehicle should be for a given amount of throttle. For
instance, a VCU may have tuned to maximum efficiency
however the vehicle’s corresponding speed or acceleration
may be many percentage points less than what would be
expected, indicating perhaps that the tire pressure is low or
that the vehicle is loaded to a higher level than what would be
normal, in which case the tire pressure should be increased.

Example 4
Road or Suspension Condition Monitoring Systems

Because an accelerometer-gyroscopic sensor, which is
used and is part of this invention can use one axis of a dual axis
accelerometer in the vertical position vertical acceleration
output signals are made available to other monitors or com-
puters that require this information. Such a requirement may
be to monitor and evaluate road quality and/or shock absorber
utilization and performance. For instance, it is apparent to a
rider in a vehicle when such vehicle is riding on worn out
shock absorbers. However, it becomes less apparent when
those shock absorbers wear out slowly over an extended
period of time. The first time a driver may realize that shock
absorbers have worn out is in cases where critical perfor-
mance is required. Or when they replace worn out tires and
see the evidence on tires of worn out shock absorbers. The
absolute A/G sensor detects vertical acceleration in very
small increments. Increasing levels of vertical acceleration
can easily be monitored thus providing notice to drivers of the
degradation of shock absorber system.



US 9,217,380 B2

15

For example, in the system 600 shown in FIG. 6, the accel-
erometer-gyroscopic sensor 610 provides absolute vertical
acceleration data to a VCU 620 or at least a suspension-
monitoring portion thereof. The VCU 620 can use baseline
suspension performance data 640 to either self-correct
through a feedback mechanism or issue a warning through the
suspension warning system 630.

Example 5
Navigation Systems

In most embodiments, the accelerometer-gyroscopic sen-
sor is continuously monitoring acceleration; a unit of accel-
eration multiplied by a unit of time yields a unit of velocity
(with speed as its magnitude). In some embodiments, the
accelerometer-gyroscopic sensor continuously sums units of
acceleration over small increments of time. In this case, the
accelerometer-gyroscopic sensor provides the integrated
velocity or speed as an output. In some embodiments, when a
horizontally mounted gyroscope is incorporated, the acceler-
ometer-gyroscopic sensor also provides direction or heading
as an output.

Because velocity, or speed and heading are the raw ele-
ments required for inertial navigation systems. In the system
700 shown in FIG. 7, the accelerometer-gyroscopic sensor
710 provides actual speed and heading information as an
output to a navigation system controller 720. The navigation
system controller 720, which normally provides navigation
data from a global positioning system (GPS) 730 directly to
the navigation system input/output (I/O) 750, incorporates
heading information from the accelerometer-gyroscopic sen-
sor 710 during periods of connection loss with the GPS sat-
ellite system. In return for providing the heading data to the
inertial navigation system 740, the navigation controller
receives navigation data from the inertial system to supple-
ment or replace its GPS data.

In some embodiments, the navigation system controller
720 also provides GPS heading data back to the accelerom-
eter-gyroscopic sensor 710 to permit re-referencing of the
gyroscopes contained therein. Continuous referencing and
re-referencing of the horizontally mounted gyroscope utilize
GPS heading values while satellite signals are acquired. Once
satellite signals are lost gyroscopic heading values take pri-
ority using last known valid headings from the GPS. This
method using absolute A/G values for supplementing data to
the GPS data when the GPS system has lost signal will find
use in many applications outside of the automotive industry.

These elements in output signal format are made available
to on board GPS based navigation systems through a data port
for supplementation during periods of lost or down satellite
signals so that the user of a GPS navigation system sees no
down time during these periods.

In another aspect, since speed or velocity can be tracked by
summing positive and negative accelerations and multiplying
by time, a second multiplication by time can yield distance,
which is also useful in navigation.

Example 6
Altimeter Systems

In another aspect, summing positive and negative vertical
accelerations over time yields altitude. For example, an
instrument, including an accelerometer-gyroscopic sensor,
placed in an airplane or other flying object, contains a circuit
that continuously sums over all accelerations and outputs
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altitude. Alternatively, a system including an accelerometer-
gyroscopic sensor included in a non-flying vehicle tracks
changes in altitude and outputs a signal used to vary engine
performance or some other type of parameter.

This method of altitude determination has certain advan-
tages over current methods of determining altitude which rely
on either radar, pressure sensors, or GPS triangulation. Of
course its accuracy in determining altitude above sea level
(ASL) relies on knowledge of initial altitude, and its accuracy
in determining altitude above ground level (AGL) relies on
terrain maps or something similar. Since this type of instru-
ment would reveal nothing about a changing ground level
below an aircraft, any aircraft equipped with it would still
require a radar altimeter for determining AGL on instrument
approaches that require such.

Example 7
Dynamic Suspension Adjustment Systems

In some embodiments of this invention, outputs from the
sensing of lateral acceleration are used to adjust suspension
systems by stiffening outside suspension and/or loosening
inside suspension of moving vehicles.

When lateral acceleration or force is applied to a vehicle, it
tends to lean in the direction opposite to the force being
applied, due in part to the sofiness of their suspension sys-
tems. This moves the center of gravity further off center and
in some cases outside of their wheelbase approaching the
critical rollover point. Stiffening the outside suspension and/
or loosening the inside suspension keeps the center of gravity
of'vehicles within a tighter envelope relative to the wheelbase.
This inversely affects the propensity, especially in high center
of gravity loaded vehicles, to rollover when the center of
gravity of their load exceeds the wheelbase and reaches the
critical rollover point. Additionally, by adjusting the suspen-
sion system in this manner the distribution of load between
left and right side wheels is kept more even resulting in
improved traction.

Typically these are configured as pulse width modulated
(PWM) controlling devices. Such devices typically accept
analog voltage level inputs, which are then converted to a
corresponding pulse width output. Such outputs are a com-
mon method of controlling and delivering a regulated amount
of current to a device such as a hydraulic solenoid. The
hydraulic solenoids of course are responsible for increasing,
decreasing or maintaining pressure levels within the hydrau-
lic or pneumatic suspension system.

An anti-rollover device 400 is illustrated in FIG. 4. In this
embodiment vehicles are assumed to be equipped with
adjustable suspension systems, typically hydraulic or pneu-
matic. When absolute lateral acceleration is sensed the accel-
erometer-gyroscopic sensor 410 sends a signal representing
absolute lateral acceleration to a suspension selector 420,
which passes signals along to a controller responsible for
controlling the relevant quadrant of the suspension. The sus-
pension selector 420 must interpret the signal to determine
the appropriate quadrant. For example, Q1, in which suspen-
sion system 432 is controlled by suspension control 431 could
be the right front wheel; Q2, in which suspension system 442
is controlled by suspension control 441 could be the left front
wheel; Q3, in which suspension system 452 is controlled by
suspension control 451 could be the right rear wheel; and Q4,
in which suspension system 462 is controlled by suspension
control 461 could be the left rear wheel. Of course, other
orderings are possible, as are systems with only two indepen-
dent zones, e.g. two sides are controlled in lockstep.
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In other embodiments, simple lateral acceleration is pro-
vided to a suspension control system.

Example 8
System for Tuning Off an Idling Engine

In further embodiments, a vehicle speed sensor (VSS)
1010 such as described above, is configured to sense a lack of
motion of a vehicle. FIG. 10 is a schematic view illustrating
the components of a vehicle monitoring system 1000, warn-
ing other drivers of the stationary status of a vehicle and
turning off the engine after the vehicle has been stationary for
a period of time. The vehicle monitoring system 1000 com-
prises aVSS 1010, an idling timer 1015, a transmission status
detector 1020 and a control device 1040. In some embodi-
ments, the idling timer 1015 is a distinct microprocessor
coupled to the VSS 1010 and the control device 1040. In some
embodiments, the idling timer 1015 is a microprocessor com-
prised within the control device 1040. The VSS 1010 emits a
periodic function with a frequency corresponding to a motion
status ofthe vehicle and sends a signal to the idling timer 1015
or the control device 1040. The transmission status detector
1020 is also coupled to the control device 1040 and detects
whether the transmission is in park or neutral and sends a
signal to the control device 1040, as indicated above. In some
embodiments, the system comprises an emergency brake
detector 1030, which is coupled to the control device 1040
and sends a signal to the control device 1040 corresponding to
the engagement of the emergency brake. In some embodi-
ments, the system comprises an external temperature sensor
1070, which is coupled to the control device 1040 and sends
a signal to the control device corresponding to the tempera-
ture of the external operating environment. In some embodi-
ments, the control device 1040 only turns offthe vehicle if the
external temperature is above a programmed value. In some
embodiments, the external temperature sensor 1070 only
sends a signal if the external temperature is above a pro-
grammed value.

After receiving a signal that the vehicle is stationary, the
control device 1040 activates an alerting device to signal to
other drivers that the vehicle is stationary and the idling timer
1015 is also activated. In some embodiments, the alerting
device is a rear facing amber light, which warns following
vehicles of the stationary status ofthe subject vehicle. Insome
embodiments, the idling timer 1015 is a microprocessor com-
prised within the control device 1040 such that the control
device activates the timer. Once the timer reaches a pre-
programmed period, the idling timer 1015 sends a signal to
the control device 1040. The control device 1040 processes
the input signal it receives from the idling timer 1015 and the
transmission status detector 1020 and decides whether to turn
off the engine of the vehicle. In some embodiments, the
control device 1040 only turns off the vehicle if the vehicle is
stationary and the transmission is in park. In some embodi-
ments, the emergency brake engagement detector 1030 addi-
tionally sends a signal to the control device 1040. In these
embodiments, the control device 1040 only turns off the
vehicle if the emergency brake is additionally engaged,
although the transmission may be in park or neutral. In further
embodiments, the external temperature sensor 1070 sends a
signal to the control device 1040. In these embodiments, the
control device 1040 only turns off the vehicle if the external
temperature is above a programmed value. In some embodi-
ments, the external temperature sensor 1070 only sends a
signal if the external temperature is above a programmed
value.

20

25

30

40

45

55

18

The idling timer 1015, is configured to send a de-activation
signal after the timer has reached the end of its pre-pro-
grammed period. In some embodiments, the idling timer
1015 is configured to reach the end of its pre-programmed
period after some predetermined period of time, such as 1, 3,
6 or 9 minutes. In other embodiments, the idling timer 1015 is
configured to reach its pre-programmed period of time after
some other period of time.

After the idling timer 1015 has reached the end of its
pre-programmed period of time, a variety of signals and types
of signals are sent to turn off the engine. In some embodi-
ments, a logic high or logic low signal is sent directly to the
control device 1040, which turns off the engine. In other
embodiments, a 12V signal is sent to a relay which resides in
series with the ignition system. Receiving the 12V signal
activates the relay and disengages the ignition. In further
embodiments, additional signals are sent to relays or other
such devices to turn off a lighting system or other accessory
equipment.

In some embodiments, additional safety features such as
redundant queries confirming “park-status” are included. The
safety features include querying emergency brake status,
transmission engagement status and foot-pedal brake status.
In these embodiments, signals to turn off the engine are
delayed until such “park-status” is confirmed.

FIG. 11 illustrates the process used to turn off an idling
vehicle. The process of FIG. 11 starts at the step 1102. At the
step 1104, the system determines whether the vehicle is sta-
tionary based on output from the VSS. If the vehicle is sta-
tionary, then at the step 1106, an alerting device to warn
following vehicles of the stationary status and an idling timer
are activated. As discussed above, the idling timer 1015 is
configured to run for a pre-programmed period of time. Atthe
step 1108, the system determines whether the idling timer
1015 has run for its pre-programmed period. In some embodi-
ments, the idling timer 1015 sends a signal to the control
device 1040 when it has run for its pre-programmed period. If
the timer has reached the end of its pre-programmed period,
then the system proceeds to the step 1110. At the step 1110,
the system queries the vehicle’s transmission status based on
input from the transmission status detector 1020 to the control
device 1040 (FIG. 10). In some embodiments, the system
queries whether the vehicle’s transmission is in park. In some
embodiments, the system queries whether the vehicle’s trans-
mission is in neutral or park. When the system queries
whether the vehicle’s transmission is in neutral, the system
also queries whether the emergency brake is engaged based
on input from the emergency brake engagement detector
1030 to the control device 1040 (FIG. 10). In further embodi-
ments, the system separately queries whether the emergency
brake is engaged based on input from the emergency brake
engagement detector 1030 to the control device 1040. If at the
step 1110 the vehicle’s transmission is in park, then the sys-
tem proceeds to the step 1112. At the step 1112, the system
queries the temperature of the external operating environ-
ment. If at the step 1112, the temperature is at or below the
programmed temperature, then a signal is not sent to turn off
the engine and the engine is allowed to idle. The engine is
allowed to idle such that a taxi-driver or other vehicle operator
is able to allow the vehicle to run on a cold day while they are
waiting for a fare or in other comparable situations. If at the
step 1112, the temperature is above the programmed tempera-
ture, a signal is sent to turn off the engine and the process ends
atthe step 1114. In some embodiments, additional signals are
sent at the step 1114 to relays or other such devices to turn off
a lighting system or other accessory equipment.
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In some embodiments, the process illustrated in FIG. 11
further comprises redundant queries confirming the “park-
status™ of the vehicle. These include querying the emergency
brake status, querying the transmission engagement status
and querying the foot-pedal brake status. In these embodi-
ments, a signal sent to turn off the engine is delayed until such
“park-status” is confirmed.

Embodiments of the invention provide the driver of a sub-
ject vehicle a system that causes an idling engine to turn off
whose vehicle has been stationary for more than a certain
amount of time, whose transmission is in park or neutral with
the emergency brake activated and where the outside tem-
perature is above a threshold value. The system is able to
selectively turn off an engine according to the outside tem-
perature and a pre-programmed time period of engine idle.

Thus, the invention is able to automatically turn off an
idling engine after a variety of different time periods and at a
variety of different temperatures. This is advantageous over
most modern vehicles which must be manually turned off and
then restarted by the vehicle’s operator. A novel and unique
way for corporate and governmental fleet operations as well
as individual operators to save money and prevent undue
environmental pollution caused by engine idle is described
herein.

Of course, the present invention has additional uses that are
not discussed in the embodiments above. The present inven-
tion has been described in terms of specific embodiments
incorporating details to facilitate the understanding of the
principles of construction and operation of the invention. As
such, references herein to specific embodiments and details
thereof are not intended to limit the scope of the claims
appended hereto. It will be apparent that those skilled in the
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art that modifications can be made to the embodiments cho-
sen for illustration without departing from the spirit and scope
of the invention.

We claim:

1. A system for a vehicle comprising:

a. a vehicle speed sensor configured to detect that the
vehicle has stopped;

b. a transmission status detector for detecting a non-drive
transmission status of the vehicle;

c. a control device coupled to the vehicle speed sensor and
the transmission status detector, wherein the vehicle
speed sensor and the transmission status detector send a
signal to the control device and the control device oper-
ates in a manner dependent on the separate stationary
motion status signal from the vehicle speed sensor and
the signal from the transmission status detector; and

d. an idling timer that is activated when the vehicle is
stopped and the vehicle transmission is moved to the
non-drive position, wherein the idling timer sends a
de-activation signal upon expiration and the engine of
the vehicle is turned off.

2. The system of claim 1, wherein the vehicle is only turned

off if an emergency brake of the vehicle is engaged.

3. The system of claim 1, wherein the vehicle is only turned
off if a temperature of an external operating environment is
above a programmed value.

4. The system of claim 1, wherein the idling timer is pro-
grammed to expire after a predetermined period of time.

5. The system of claim 1, wherein the de-activation signal
further turns off a lighting system of the vehicle or other
accessory equipment.
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